P recise and accurate chronologies are central to archaeological studies in order to evaluate social, political, and economic transformations in the past. In the Central Andes, where high-precision techniques such as dendrochronology are not yet applicable, archaeologists have frequently turned to stylistic seriation for dating and chronology building (Rowe 1961) . While such seriations may work at a general level, it is often difficult to test them using absolute dating methods such as radiocarbon dating due to problems of association between dates and the materials on which seriations are constructed (e.g., charcoal vs. pottery). Moreover, while a seriation may be supported through stratigraphic means and through radiocarbon dating within a particular site, it is not always clear that a particular style ranges across the exact same temporal window over larger geographic areas or that different styles appear in the same temporal order in different valleys or subregions.
This limitation of seriation requires independent testing of chronologies, as has been recently noted elsewhere in the world (see, for example, Peeples and Schachner 2012; Pestle et al. 2013; Shennan and Wilkinson 2001; Smith et al. 2013) . In this paper, we independently assess the temporal veracity of the most commonly used seriation on the south coast of Peru, the so-called Dawson Seriation. Specifically, we pose the question, "Is the Dawson Seriation about time?" To address this question, we employ optically stimulated luminescence (OSL) analysis to date individual sherds collected from surface survey across a broad area in the Southern Nasca Region (SNR).
In the end, we compare our independent luminescence dates against the stylistic assignments to evaluate ceramic chronology in the SNR. We conclude that the Dawson Seriation includes a significant non-temporal component, and we caution against the uncritical assumption that style equals time in south coast prehistory.
Nasca Style and Time
The Nasca region of the south coast of Peru witnessed the development of the indigenous Paracas, Nasca, and Tiza civilizations and was also the site of imperial expansion by the Wari and Inca empires. As a focal point of indigenous civilization, the region has drawn the attention of archaeologists and art historians alike for over a century, especially those interested in the vibrant polychrome pottery of Nasca that flourished during the first millennium A.D. (Table 1 ; Vaughn 2009) . The heartland of the Nasca region is made up of two major drainages, the Ica and Río Grande de Nasca. It is divided into three subregions: the Northern Nasca Region (NNR), Central Nasca Region (CNR), and the SNR (Figure 1 ).
Despite the fact that it was never fully published, the most frequently used chronology in Nasca since the 1950s has been the seriation developed by Lawrence Dawson (Rowe 1956 (Rowe :146, 1960 . This seriation has come to be known informally as the Dawson Seriation (Carmichael 2013; Proulx 2006:29) . It falls into the Early Intermediate period and Middle Horizon of the "Master Sequence," the Central Andean chronology developed by John Rowe and his students (Rowe 1967) , which is still widely used by Andean archaeologists (Table 1) . The Dawson Seriation-made on a sample of 660 vessels from the SNR purchased by Max Uhle in 1905 (Proulx 2006:25) -divides Nasca pottery into nine styles (Nasca 1-9) and has been refined stylistically over the years by various specialists (see Proulx 2006) . Both the Dawson Seriation and the Master Sequence have performed fairly well and portions of the chronologies have been tested and supported through stratigraphic excavations in the Nasca region (e.g., Beresford-Jones 2011; Beresford-Jones et al. 2009; Conlee 2003; DeLeonardis 2000; Edwards 2010; Hecht 2009 Hecht , 2013 Reindel 2009; Van Gijseghem 2006; Vaughn 2009) .
The seriation was developed using complete museum specimens with a full suite of decorative attributes to define different phases. In the field, archaeologists rarely recover entire specimens and, as a result, lump some of the nine phases into larger periods of development: Proto-Nasca, equivalent to Phase 1; Early Nasca (Phases 2-4); Middle Nasca (Phase 5); and Late Nasca, comprising Phases 6-7. It was later recognized that Nasca 8 and 9 were part of the Middle Horizon. Phase 8 was renamed Loro (Schreiber and Lancho 2003:18) and represented a local style pertaining largely to the Middle Horizon, while Phase 9 was recognized as a variant of the Chakipampa style pottery of the Wari Empire. This grouping of phases was based on stylistic similarities of the pottery and, more importantly, on evidence from settlement survey in the SNR suggesting that the grouped phases frequently co-occur at settlements (Schreiber and Lancho 2003; see also Carmichael 1998a:notes 4, 27) . For example, excavations at the habitation site of Marcaya revealed Nasca 3 and Nasca 4 pottery to the virtual exclusion of all other phases; the first author has referred to this site as an Early Nasca village both out of semantic convenience and because these phases co-occur in the site's vessel assemblage (Vaughn 2009 ).
Parallel and extensive survey and excavations in the CNR by Reindel (2009) and colleagues have resulted in a similar scheme with slightly different groupings: Initial Nasca (Phase 1); Early Nasca (Phases 2 and 3); Middle Nasca (Phases 4 and 5); and Late Nasca (Phases 6 and 7; see Table  1 and Figure 1 ). The grouping of phases in this subregion of Nasca is based similarly on the cooccurrence of phases at sites in survey and excavations (Hecht 2013; Reindel 2009) . Cultural groupings in the NNR are still being refined, with Beresford-Jones (2011) proposing a scheme grouping Ocucaje 10 and Nasca 1 into Initial Nasca, Nasca 2-5 into Early Nasca, and Nasca 6 and 7 into Late Nasca. Cook (1999) , on the other hand, has suggested that Early Nasca includes Nasca 1, while DeLeonardis (2000) essentially follows the chronological groupings of the SNR for the Ica Valley, although she also states that the "absolute chronology of Phases 2-4 of the Nasca stylistic sequence is poorly documented" (DeLeonardis 2000:365) .
Although archaeologists and art historians alike have used the Dawson Seriation for almost half a century, the question remains: does it reflect temporal changes only, or do phases of the seriation also reflect other phenomena, such as regional variability, substyles, or something else entirely? Independent tests of the Dawson Seriation have been somewhat limited. One exception is the work undertaken in the CNR in Palpa by Markus Reindel and colleagues (Hecht 2013; Reindel 2009; Unkel et al. 2012) . This work has shown that some assumptions of the Dawson Se- riation can be questioned (for example, whether Nasca 6 is a temporal phase or whether it is actually a regional substyle; see Hecht 2013) . Furthermore, systematic radiocarbon dating by phase in Palpa has shown that the timing of some of the phases in the CNR differs substantially from dates obtained in the SNR (Table 1) . Other efforts to independently test the Dawson Seriation include an obsidian hydration study (Eerkens et al. 2008) and a very limited analysis of ceramic sherds (n = 5) from the Ica Valley using thermoluminescence (Massey 1986:33) . Limited studies have been undertaken using Optically Stimulated Luminescence (OSL) of sediment associated with geoglyphs (Eitel et al. 2005; Greilich and Wagner 2009; Rink and Bartoll 2005) and non-archaeological contexts (Kadereit et al. 2009 ). Nonetheless, as far as we are aware, there have been no other attempts to date diagnostic sherds directly using OSL. With many lingering questions, we believe it necessary to assess the temporal accuracy of the Dawson seriation. Below, we describe our methods, sample, and results.
Luminescence Dating and Sample
Luminescence refers to light emission from crystalline structures after the absorption of naturally occurring energy in the form of ionizing radioactivity (alpha, beta, and gamma particles; Feathers 2003) . Luminescence requires an external stimulus, either heat (thermally stimulated luminescence, or thermoluminescence), or light (optically stimulated luminescence, or OSL). In archaeological applications, both approaches measure the last time a particular object was heated to a certain temperature (approximately 500 degrees centigrade) or was exposed to sunlight (Feathers 2003) . Thus, luminescence dating has certain advantages over other absolute dating methods because the "target" event and dating event are the same (e.g., when a pot was fired). Other dating methods for ceramics rely on association of the ceramic with the material that is dated, so the target event (e.g., when a pot was fired) and the dating event (e.g., when a tree stopped absorbing CO 2 , in the case of radiocarbon dating) are not the same.
With the advantages of luminescence dating in mind, we determined that employing the method would provide a good opportunity to test the validity of the Dawson Seriation and the Master Sequence in the Nasca region. Our sample consisted of 50 sherd fragments collected from the surface of 32 sites located in the SNR (Table  2) . Most sites were recorded as part of a settlement study of the SNR undertaken by Schreiber (Schreiber and Lancho 2003) , while seven of these sites have been the focus of excavations (Edwards 2010; Eerkens et al. 2009; Van Gijseghem 2006; Vaughn 2009; Vaughn and Linares 2006) . Of those sites, five have associated radiocarbon dates (Table 3) . Sherd fragments and sediment samples to measure the equivalent dose were collected in the field by Vaughn and Eerkens in 2007 . To augment phases underrepresented in our field collection, Vaughn and Eerkens sampled additional sherds at the Museo Regional de Ica, Peru, where surface collections from Schreiber's survey were curated. In all cases, samples were selected based on diagnostic features of the seriation or, when these were not present, on site context and artifact association.
The 50 dated sherd samples include fragments from the Early through Late Horizons (Figure 2 ). Initial phasing of the sherds was undertaken based on the diagnostic features present on the sample, as well as by using site context and artifact association. To ensure that phasing was done accurately and consistently, we asked seven additional specialists in south coast archaeology to phase the samples from photos without any additional identifying information (i.e., site context or our initial phasing). These two phasing assessments overlap to a significant degree, and our final phase assignment is based on their independent assessment of the sherds, as well as on our previous determinations.
The methodological details of optically stimulated luminescence, as practiced in our study, are described in Supplemental Text 1. Table 2 lists our age estimates for all 50 sherds. This table also reports the range of dates based on overall estimates of b-value for all samples. It should be noted that, because luminescence ages are calculated based on estimates of equivalent dose and dose-rate and because each of these de-terminations has random and systematic errors, it is possible that our reported 1-sigma error terms underestimate the overall error. Nevertheless, given that we processed and measured all samples in the same way, we can eliminate systematic errors. Although associating our absolute ages with ages for samples outside of our study will require additional consideration, for our purposes of assessing the Dawson Seriation, the precision is quite sufficient. Several of our samples fall well outside the expected range, and we discuss each of these below. On a general level, these samples notwithstanding, the results replicate much of the Dawson Seriation and Master Sequence: the Early Horizon sherds are earlier, while the Late Intermediate period and Late Horizon sherds are later (see Figure 3 ). Despite this general trend, however, there are major discrepancies and some unexpected results from our analysis, warranting discussion. We summarize this discussion in terms of the major deviations from the Dawson Seriation in our analysis.
Results and Discussion

Nasca 2
The first major deviation of our results from the Dawson Seriation is in Nasca 2. As a group, our Nasca 2 sample exhibits great variability in age estimates. One sherd (LB0745) did not have enough aliquots remaining to make alpha efficiency measurements. Consequently, it was deemed unreliable and not included in the analysis. Two other samples (LB0744 and LB0746), dating to the sixth and seventh centuries A.D., respectively, are far outside the expected range for Nasca 2. These two anomalous dates appear to have been caused by fading in the samples. Nevertheless, the remaining three samples are consistent and date from approximately 250 B.C. to A.D. 50. This is a century and a half earlier than predicted by the Dawson Seriation and previous work in the SNR. Perhaps more surprising is that the three dates for Nasca 2 are essentially contemporaneous with Nasca 1 sherds in the analysis. Furthermore, there is at least a century of overlap between Nasca 1 and 2 and the beginning of Nasca 3. This unexpected result contradicts the general consensus that Nasca 2 is a clear chronological phase between Phases 1 and 3 (Hecht 2013; Proulx 2006:33; Schreiber and Lancho 2003) .
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Figure 2. All samples included in the analysis organized by identified phase. A phase consensus could not be reached on two of our samples (LB0750 and LB0775). Edwards ( Up until this point, the intermediary nature of the Nasca 2 style has been difficult to verify stratigraphically. For example, Hecht (2009:228) suggests that, in Palpa, Nasca 2 is a short transitional phase and is clearly separate from Nasca 1, although this has not been stratigraphically documented in the CNR. The same can be said to occur in the SNR, where Nasca 2 sherds are often found in association with Nasca 3 materials at habitation sites (Schreiber and Lancho 2003) , though less commonly at excavated sites (Vaughn 2005 (Vaughn , 2009 Vaughn and Linares 2006) . While Silverman (2002:87) identified 132 sites with Nasca 2 pottery in the Ingenio drainage, many of these sites are multicomponent and span Nasca 2 and Nasca 3 (see, e.g., Silverman 2002 :Supplementary CD, N2 sec 4, N3 sec 4).
Strong (1957:25) identified Nasca 2 stratigraphically at Cahuachi as defining a phase between Proto-Nasca and "classic" Early Nasca. He called this phase "Cahuachi Polychrome." Archaeologists now recognize it as Nasca 2, although it does not include all ceramics now identified as Nasca 2 (see Silverman and Proulx 2002: 27 for a discussion). Strong (1957: Table 3 ) illustrated the stratigraphic relationship between Nasca 1 through 3 using percentages of wares present in each arbitrary level at three different contexts at Cahuachi. Over a 2.5-m stratigraphic sequence, Nasca 3 pottery (Strong's "Nazca A polychrome") appears midway through the sequence, while Nasca 2 pottery (Strong's "Cahuachi Polychrome") always appears with Nasca 1 pottery (Strong's "Proto-Nazca"), suggesting contemporaneity between Nasca 1 and 2. Our results support Strong's observations of a significant overlap between Nasca 1 and 2 at Cahuachi.
The overlap between the end of Nasca 1 and 2 and the beginning of Nasca 3-the hallmark style of Cahuachi's florescence (Orefici 2011; Silverman 1993 )-is also not surprising, given the frequent co-occurrence of these sherds at habitation sites. Our dates suggest that, between approximately 50 B.C. and A.D. 50, all three styles were in use in the SNR. Shortly after this time, Nasca 1 and 2 were abandoned, and Nasca 3 was the only remaining style in the region, a point that we return to below.
Nasca 4-7
The second major deviation of our results from the Dawson Seriation is the significant overlap of Phases 4-7. LB0754 and 755 were not measured with alpha calibration because there was no remaining material, and so these dates are not considered in the analysis. LB0759 has very high b-values and appears to have fading issues. Consequently, it was also removed from analysis. The remaining sherds phased to Nasca 4-7 overlap much more than previously expected. While it is not surprising that Phase 4 overlaps with Phase 5, given previous findings in Palpa (see Hecht 2013; Reindel 2009) , it is surprising that these phases overlap with Late Nasca Phases 6 and 7. In every published chronological scheme for the south coast, these are assumed to postdate Nasca 5.
Phase 4 has always been difficult to place in chronological schemes. It has been deemed a temporal phase by researchers classifying by style (Proulx 2006) , as well as by field archaeologists (Vaughn 2009) , while it has been labeled a regional style by others (Browne 1992; Hecht 2013) . Our luminescence results suggest that Nasca 4 is a distinct temporal phase when compared to Nasca 3, but that it overlaps significantly with Phases 5-7. Because Phase 4 appears after the height of prominence for Cahuachi (Orefici 2011; Silverman 1993) , it might be considered within the post-Cahuachi Nasca milieu.
While pottery and iconography from Late Nasca are well known through museum specimens, the archaeological context of Late Nasca is still relatively poorly understood archaeologically. Results from excavations at Cocahuischo, located in the Tierras Blancas valley of the SNR, suggest that Phases 6 and 7 overlap stratigraphically at the site and date to A.D. 450-550, based on radiocarbon assays. These ages are consistent with our luminescence results (Whalen and González 2014) . Moreover, pottery from these phases is far more stylistically diverse than previously thought (Whalen 2014) .
The situation is only slightly clearer in the CNR, where only one Nasca 7 site has been excavated. Parasmarca, located in the Río Grande Valley, has predominantly Nasca 7 sherds in the upper stratigraphic levels, but also contains Nasca 1 and 5 components (Hecht 2009:226; Reindel 2009) . No Nasca 6 sherds have been found in the CNR, including at Parasmarca (Hecht 2009:229) . Complicating the picture is the fact that the various phases of pottery at Parasmarca are found in mixed contexts; stratigraphically, Nasca 5 and 7
are not distinguishable at the site (Hecht 2009:227) . Nevertheless, radiocarbon dates at Parasmarca are later than at La Muña, a Nasca 4-5 site in Palpa that completely lacks Nasca 7 sherds. Therefore, archaeologists in the CNR specifically rebuff the notion that Nasca 5 and 7 are contemporaneous in the region (Hecht 2009:228) . Furthermore, their radiocarbon dates for Nasca 7 are consistent with our absolute luminescence dates for this phase.
Finally, iconographic studies suggest that Nasca 7 was a relatively long phase. Indeed, the phase was divided into three subphases by Menzel (1964; see Proulx 2006: 42 for a summary), while Proulx (2006:42) divides it into two subphases. Both authors assume that greater stylistic diversity correlates with longer periods of time. Our OSL dates are consistent with this notion and show Nasca 7 to be a very long phase, enduring for several centuries. Nevertheless, our results suggest that innovations in this style occurred relatively early and that the style was in use while other styles were also present in the SNR.
Clearly, Middle and Late Nasca were archaeologically complex with significant differences in their age distribution between the CNR and SNR. It will take more excavation and additional dating before we can resolve these issues.
The Late Intermediate Period in the SNR
Our luminescence dates for the final periods of the Master Sequence did not reveal major surprises, as the dates are consistent with what we would expect for later prehistory. Two Middle Horizon Loro dates (LB0774 and 779) are far earlier than expected, given previous chronologies. It was found that dosimetry values for these two sherds were inaccurate, and therefore the sherds were removed from analysis. One sample (LB0775) with a date of A.D. 920 is consistent with Middle Horizon dates in our analysis. This particular sherd was designated "possible Middle Horizon" by some of the individuals who evaluated it; thus, we were unable to confidently phase it to either the Middle Horizon or the Late Intermediate period. Nevertheless, the luminescence date from the sample is more consistent with a Middle Horizon age.
Our results do reveal a gap during the Late Intermediate period from about A.D. 1000 to 1200. This gap overlaps another recorded in the CNR between approximately A.D. 800 and 1200 (Unkel et al. 2012) . Furthermore, despite SNR chronologies that have simply assigned the period between A.D. 1000 and 1476 to the Late Intermediate, as we have done here (Table 1) , Conlee (2010 Conlee ( , 2013 has shown that there is a lacuna of radiocarbon dates between A.D. 1000 and 1200, attributing this to an abandonment of the SNR correlated with heightened aridity during this time. Our luminescence dates are consistent with the gap in radiocarbon dates reported by Conlee (2013) .
Understanding Style and Time in South Coastal Peru
Our results suggest that the Dawson Seriation does include a significant chronological component. Many of the broader stylistic categories, including Paracas, Nasca, Middle Horizon, and Late Intermediate period, produced OSL dates as expected under the Master Sequence. At a more detailed scale, however, some of the stylistic phases did not demonstrate the expected patterns.
In particular, Nasca 1 and 2 and Nasca 4 through 7 overlapped significantly, suggesting that the differences among these phases may not be simply temporal ones. From this, we propose that the Dawson Seriation also includes non-temporal factors, such as regional variations in chronology and regionally specific substyles. Of course, we should expect overlap between phases as styles waxed and waned through time. Even if there were abrupt stylistic shifts, the error terms of OSL would artificially cause some blurring between temporal categories. In our interpretation, the consistent overlap in our sample is more than simply precision error associated with luminescence dating. Our dates suggest that there were time periods when two or more styles of pottery were being used simultaneously in the SNR region. This is not surprising, but many archaeologists have either explicitly or implicitly assumed that the stylistic phases of the Dawson Seriation represent discrete periods of time (but see Carmichael 2013) . While such assumptions simplify many interpretations of diachronic changes in prehistory, such as shifts in settlement patterns and the consolidation of political power, we argue that they may obscure important variations in the evolution of societies in the Nasca region.
Although more sampling is necessary to evaluate the precise divisions in the sequence, we believe that our data demonstrate that for at least two periods, between approximately 250 B.C.-A.D. 50 and A.D. 300-500, there were multiple styles of Nasca pottery in production in the SNR. For the period between 250 B.C.-50 B.C., Nasca 1 and Nasca 2 pottery styles were being made and used in the Southern Nasca region. For approximately a century between 50 B.C.-A.D. 50, Nasca 1, 2, and 3 pottery styles were in use in the SNR. For the centuries between A.D. 300-500, a period that we have often assigned to Early and Middle Nasca in the SNR, our luminescence data suggest that four styles of Nasca pottery were being produced and used in the SNR: Nasca 4-7. Our data suggest that Nasca 7 pottery continued to be used in the region for several centuries after this time.
These periods bracket the florescence of the region's ceremonial center of Cahuachi (see Figure  3 ). Excavations at that site have demonstrated a preponderance of Nasca 3-phase pottery, and excavators there have suggested that this phase marked the apogee of the site as a ceremonial center (Bachir Bacha 2007; Orefici 2011:107; Silverman 1993:318) . We posit that the multiple styles of pottery present in the region, both before and after the emergence of Cahuachi as a regional center, are evidence for the multiple groups that may have existed in the region during these time periods. Nasca 1 and 2 styles, if contemporaneous, may represent two of several identified competing groups during the nascent stages of the developing "cult" centered at Cahuachi (Vaughn and Van Gijseghem 2007:819) . Indeed, it has been argued that there were multiple competing groups in the SNR just prior to the emergence of Cahuachi as a regional ceremonial center (Van Gijseghem 2006) . This may be reflected in the numerous styles of pottery present in the region at the same time. We propose here that Nasca 2 may have been one of those styles.
On the flip side, the possible contemporaneity of Nasca 4-7 styles may be the result of the waning influence of Cahuachi in the region. Cahuachi was still used as a ceremonial site, pilgrimage center, and burial ground after Nasca 3 (Kantner and Vaughn 2012; Schreiber and Lancho 2003) . Nevertheless, its waning influence left a power vacuum in the region (Vaughn 2009) . The locus of power may have shifted north to Palpa in the CNR, where the large center of La Muña emerged (Reindel 2009; . Given the results of our study, we also find it possible that other competing factions utilizing what we know as Nasca 4, 5, 6, and 7 pottery emerged as a result of this power vacuum, each with one or more distinctive pottery styles. Carmichael (1998b:226) originally postulated that competition among potters instigated innovations in Nasca 5-style pottery after the influence of Cahuachi diminished. Given the potential contemporaneity with Nasca 5 of Nasca 4, Nasca 6, and some Nasca 7 sherds in our study, we propose that this social milieu may have resulted in innovations in other styles assumed to be temporally distinct as well.
Of course, this remains a testable hypothesis, but if it cannot be falsified in the future it would have major implications for our understanding of Nasca prehistory. For one, it would mean that, instead of a continuous development of Nasca ceramic art over time (i.e., mutually exclusive temporal styles), as has often been assumed, there were actually points in time where multiple styles were in use. Some of these styles seem to have been produced over long windows of time, while others were much shorter in duration. In particular, in the centuries before and after the prominence of Cahuachi, multiple styles of pottery were present in the SNR. Furthermore, when Cahuachi reached its greatest influence, Nasca 3 became dominant and ceramic variability appears to have dropped considerably in the region. Given the results of our study, we estimate this time period to be between approximately A.D. 100 and 300. While it may be premature to consider why this might have happened, given our previous work in the region (e.g., Vaughn et al. 2006) , we would not be surprised if this may have to do with the restricted production contexts of Nasca 3 pottery at Cahuachi.
Conclusions
Archaeological typologies help us to categorize stylistic variation and to organize various aspects of the archaeological record. Because time is a crucial dimension in archaeological studies, the translation of typologies into chronologies is often a major goal of such categorization. But chronology building should be an iterative process. It is critical to test existing chronologies, especially those built on seriation and relatively small numbers of radiocarbon dates. Although time may be a major component of a typology, other factorsincluding, but certainly not limited to, innovation, the presence of regional workshops, competing religious ideologies, or production centers, and the rise of powerful polities-can also contribute to ceramic stylistic variation, and as a result, to our cherished typologies. New and developing archaeometric techniques have the potential to generate new and independent data to test existing chronologies. More importantly, they can produce data that lead to new hypotheses about the past.
In closing, we again ask the principal question posed in our study: "Is the Dawson Seriation about time?" Perhaps not surprisingly, our results suggest that the answer to this question is both "yes" and "no." Yes, the Dawson Seriation includes a significant component of time, as we and many others have noted. But the answer is also "no," because the Dawson Seriation does not appear to be only about time. Our OSL dates suggest that other, likely cultural, factors are at work. These play a significant role in structuring the ceramic variation coded within the seriation that has been used on the south coast of Peru for over a half century. We believe that additional OSL dating, as well as new excavations and other ceramic analyses, will go far in addressing these issues, and we invite the archaeological community to help us in this endeavor.
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